Structural complexity strongly influences the outcome of predator-prey interactions in benthic 22 marine communities affecting both prey concealment and predator hunting efficacy. How habitat 23 structure interacts with species-specific differences in predatory style and antipredatory strategies 24 may therefore be critical in determining higher trophic functions. We examined the role of 25 structural complexity in mediating predator-prey interactions across macrophyte habitats 26 encompassing different levels of structural complexity in three different bioregions: Western 27
Introduction 47
roving predatory fish present); and (iii) prey placed in sandy open space away from vegetated 119 habitats (no structure and no habitat-associated predators, roving predatory fish present; Fig. 1 ). 120
Thus, predation assays were designed to estimatethe influence of habitat structure on predation 121 while still exposing model prey to specific habitat-associated predators, using habitat edges and 122 nearby sandy open spaces as proxies of predation processes that occur independent of structure 123 (Smith, Hindell, Jenkins and Connolly 2010) . 124 125
Study area and study design 126
This study took place in the Western Mediterranean Sea (Catalonia; Spain), Eastern Indian 127
Ocean (Perth; Western Australia) and Northern Gulf of Mexico (Florida; United States) (see 128
Appendix 1 for geographical references). In each region, we selected a range of dominant and 129 representative macrophyte habitats with varying levels of structural complexity (see below), and 130 performed urchin predation assays at two replicate locations for each habitat (site A and B) except 131 for the Northern Gulf of Mexico, where predation was measured in only one location (site A). For 132 this reason, we restrict our comparisons to the Western Mediterranean Sea and the Eastern Indian 133
Ocean, and use observations from the Northern Gulf of Mexico to supplement and reinforce our 134 principal results. 135
Western Mediterranean Sea (WMS). Predation assays and surveys were carried out in two 136
locations 4 km apart along the Costa Brava (Spain): "Site A" (Fenals) and "Site B" (Canyelles). We 137 tested the survival ratio of small (less than 3 cm test diameter, TD) and medium (3 to 5 cm TD) 138 sized Paracentrotus lividus (Lamarck) that approximately can reach up to 7 cm diameter 139 (Boudouresque and Verlaque 2001) in four of the most representative macrophyte habitats of the 140 region between 5-10m depth. In the WMS, these comprised two types of seagrass meadows, 141
Posidonia oceanica (L.) Delile and Cymodocea nodosa (Ucria) Asch., and two algae assemblages, 142 namely: 'turf-forming algae', consisting of brushy and sparsely-branched, small filamentous algae 143 (e.g. Cladophoraceae, Rhodomelaceae), and 'erect algae', consisting of erect algal growth forms 144 such as Dictyotaceae and Stypocaulaceae (Ballesteros 1992 Perth (Western Australia): "Site A" (Marmion reef) and "Site B" (Bird Rock). We measured 150 the survival ratio of small (around 3 cm TD) and medium size (5-6 cm TD) classes of the sea 151 urchin Heliocidaris erythogramma (Valenciennes), which can reach 9 cm diameter in Australia 152 (Keesing 2007) , in four of the most representative macrophyte habitats in the region at 5m 153 depth. The habitats used in EIO were: meadows of the seagrasses Posidonia sinuosa 154
Cambridge and Kuo and Amphibolis griffithii J.M. (Black) den Hartog, and two algal-155 dominated reef habitats comprising the kelp Ecklonia radiata (C.Agardh) J.Agardh and 'turf-156 forming algae' assemblages (e.g. Sargassaceae, Dasyaceae). 157
Northern Gulf of Mexico (NGM). The study was conducted at the T.H. Stone Memorial 158
Park in St. Joseph Bay, in the North-east Gulf of Mexico (Florida; United States). The survival 159 ratio of small (< 3 cm TD) and medium sized (3 to 3.5 cm TD) sea urchin, Lytechinus 160 variegatus (Lamarck), which can grow to 9 cm diameter (Watts, randomly collected by hand. Three replicates of algae assemblages of "turf-forming" and 176 "erect" algae were randomly collected with a flat-bladed paint scraper from a 0.10 m 2 quadrat. 177
All samples (except kelp, see below) were dried in an oven for 48 h at 80°C and then weighed. 178
Since individual kelp were too big to be dried and weighed whole, its biomass was estimated 179 using dry weights of equal circular-cut samples of stipe, lamina and lateral parts of the thallus, 180 which were used to estimate the dry weight of the entire kelp thallus based on known 181
proportions of these parts. The dry weights (DW) were calculated in grams per m 2 and 182 multiplied by density when necessary. 183 184
Predator abundance 185
We classified fish and invertebrate bottom predators dependent on their mode of predation 186 in relation to habitat structure: (i) habitat-associated fish predators, with limited movements, and 187 largely restricted to the habitat, (ii) roving predatory fish that move over large areas, often moving 188 between habitats, and (iii) habitat-associated bottom predators (cryptic invertebrate predators), such 189 as crustaceans, molluscs and sea stars. At each habitat, we measured the abundance of habitat-190 associated bottom predators and predatory fish (e.g. species of Labridae, Sparidae or Muricidae). and placed randomly inside the habitat (inside, n=10 per size class and habitat), at the edge of 211 the habitat (edge, n=10 per size class and habitat) and on bare sandy spaces (sand, n=10 per 212 size class). Urchins were tied with a fishing line to metal pegs firmly fixed to soft substrates or 213 attached to pieces of concrete brick on rocky substrates. In all cases, sea urchins were able to 214 move within a range approximately of 0.5m 2 to seek shelter, but they could not get out of the 215 effect of the zone conditions to which they were exposed. After the experiment was set up, we 216 checked urchin survival every day. We considered that predation had occurred if we found the 217 monofilament intact but without the urchin, if some urchin skeletal remains were found or 218 when the Aristotle's lantern membrane was removed (Guidetti 2004 , Sala 1997 ). All samples 219 that had the nylon line broken or absent were excluded (this occurred in very few cases). The 220 experiment was stopped when a minimum of 50% of individuals were consumed in at least one 221 of the habitats being observed. As a result, the time of estimation of predation between 222 bioregions was not equal and was determined based on local predation activity. 
Data analysis 230
For each bioregion, we ranked habitats based on their structural complexity from the lowest 231 to the highest biomass in grams of dry weight per square metre (g DWm -2 ) and canopy height (cm). 232
We estimated survival as the ratio between the number of days an individual urchin survived and 233 the total days of the experiment, expressed on a scale from 0 to 1. A linear regression model was 234 carried out to determine the importance of the predictor variables biomass, canopy height, density 235 of habitat-associated predators (fish and bottom predators) and the size class of prey in influencing 236 survival ratio inside each habitat. In order to compare predation patterns at the bioregional scale, we 237 calculated average urchin survival ratio inside, at the edge and outsidehabitats. We selected the 238 zones with a gradually decreasing of structure influencing predator-prey interactions and one is 239 totally exposed. The inner zones reflect the highest influence of the habitat structure, while the edge 240 zones, taken outside but very close the vegetation, are only under the influence of the canopy 241 shadow (Gorman, Gregory and Schneider 2009). Finally the outside zones do not receive any 242 influence of the structure, but it allows to measure the potential pressure of roving predatory fish in 243 the area. 244
We compared differences among zones with a nonparametric Mann-Whitney U-Test and we 245
represented it in boxplots. We also generated cumulative survival curves to identify potential 246 patterns at the habitat scale. To do this we compared survival curves between "inside habitat" and 247 "habitat edge" on a daily basis (Kaplan-Meier estimation of censored survival data); differences 248 over the time of experiments were tested with the nonparametric Coxph-test and they were 249 summarized in boxplots. All analyses were performed using R software (R Development Core 250 
2b). 264

Predator abundance 265
Visual census estimation of predator composition and abundance showed large 266 differences between regions and habitats (Fig.3) . In the WMS, P. oceanica, turf and erect algae 267 assemblages had a high density of habitat-associated predatory fish such as Coris julis 268 (Linnaeus) (e.g. 11 ±2.2 ind/50m
2 ), Diplodus vulgaris (Forster) (4.7 ±0.3 ind/50m 2 ) and 269
Diplodus sargus (Linnaeus) (1.9 ±1.1 ind/50m
2 ). In contrast, bottom predator abundance was 270 lower and we found 0.9 ±0.5 ind/50m 2 of bottom predatory snails Hexaplex trunculus 271 (Linnaeus) in P. oceanica and 0.5 ±0.1 ind/50m 2 in turf and erect algae, while none of these 272 known predator species were found in C. nodosa (Fig.3a) . 273
In the EIO, we estimated very high densities of habitat-associated bottom predators. The 274 common carnivorous sea star Patiriella brevispina (Clark) was found in Posidonia sinuosa and 275
Amphibolis griffithii at average densities of 26.6 ±6.1 and 36.6 ±6.14 ind/50m 2 , respectively. 276
We also detected the large sea star Coscinasterias calamaria (0.1± 0.1 ind/50m 2 in seagrasses 277 and 0.2 ±0.1 ind/50m 2 in algae habitats), as well as a few unidentified species of habitat-278 associated predatory fish in kelp and turf-forming algae on rocky bottoms (Fig.3b) . 279
Finally, in the NGM we found the lowest densities of predators. The crab Libinia 280 emarginata (Hinsch) and the predatory snail Fasciolaria tulipa (Linnaeus) were detected in 281
Thalassia testudium (0.8 ±0.4 and 0.4 ±0.2 ind/50m 2 respectively), and the crab Callinectes 282 sapidus was found in Syringodium filiforme (0.2 ±0.2 ind/50m 2 ; Fig.3c ). Roving predatory fish 283 and habitat-associated predatory fish were not estimated at this location (see methods). 284
Survival ratio 285
The linear model identified macrophyte biomass and predatory fish abundance as the most 286 important factors explaining overall urchin survival ratio (p=0.018; R 2 =0.33), but size class of prey 287 influenced predator efficiency almost significantly (p=0.051;see Appendix 2 for the full linear 288 model Table) . In the model, that included only explanatory variables relevant to the habitats 289 (biomass, canopy height), size class of prey and predator composition (habitat-associated predatory 290 fish and habitat-associated bottom predators), an important part of the variance associated with the 291 survival ratio was still unexplained. In fact, when introducing bioregions and habitats as factors 292 additional important differences emerged. On the whole, sea urchin predation generally differed 293 significantly among the three habitat zones (inside, on the edge and outside macrophyte habitats), 294 but with contrasting patterns observed in the three bioregions (Fig.4 supported by Appendix 3). In 295 the WMS and the NGM, survival ratio of the juveniles was significantly lower outside and at the 296 edge of habitats than inside habitats. For example, in WMS an average of 30% of urchins survived 297 inside habitats, while at the edge and outside only 10% did. The opposite trend was observed in EIO 298 where, for both juveniles and young adults sea urchins, survival was higher outside the habitat (70 299 and 100%, respectively) than at the edge (10% and 40%, respectively) or inside the habitat (10% 300 and 60%, respectively). In the WMS, there was no difference in survival ratio among habitat zones 301 (inside-edge-outside) in medium sizes that generally survived better than small sizes in all habitats 302 (Fig.4) . In the NGM, survival of the medium size class mirrored the effects on smaller urchins, i.e. 303 survival was highest inside (100%) compared with the edge or outside habitats (~75%). 304
At the habitat scale (Fig.5 supported by Appendix 4), we found that the survival of juveniles 305 sea urchins in WMS was significantly higher inside than at the edge of all habitats with the 306 exception of turf assemblages, where there was no difference. In contrast, for the young adults, 307 urchin survival was not significantly different in any of the habitats. In EIO, differences in survival 308 trends between inside and the edge of habitats were not significant for either small or medium sizes 309 of sea urchins, with the exception of A. griffithii, where values were higher at the edge of habitats. 310
The trends in urchin survival ratio in NGM for the two size classes of prey were significantly higher 311 inside the habitat than at the edge. 312 313 Discussion 314
While habitat structure (biogenic or otherwise) is clearly an important agent 315 determining predation risk, our results suggest that it is strongly dependent on regional 316 predator pools, which can drive predation risk in habitats with very similar structure in 317 completely opposite directions, either reducing or enhancing top-down control within the 318 ecosystem. Thus, while complex macrophyte habitats serve as an effective shelter from 319 predation in the Western Mediterranean Sea, where roving or habitat-associated fish are the 320 dominant predators, highly structured macrophytes constitute dangerous habitats for prey in 321 the Eastern Indian Ocean due to the abundance of bottom predators. Although not replicated 322 fully, the Northern Gulf of Mexico showed similar trends as the Mediterranean, with 323 macrophyte habitats providing efficient shelters from roving predatory fish, and urchins being 324 safer inside rather than on the edge or outside macrophyte habitats. 325
The large variations in growth form and spatial configurations of dominant plant 326 species are often a significant contributor to habitat structure in vegetated habitats (Crowder 327 and Cooper 1982, Madsen, Chambers, James, Koch and Westlake 2001). Within the same 328 bioregion, the macrophyte communities in our study encompassed a range of biogenic 329 structures and complexity with varying biomass and canopy heights that differ considerably in 330 their refuge value for prey. The model indicates that structural complexity was an adequate 331 predictor of prey survival across all bioregions (Fig.5) . In areas like the Mediterranean Sea 332 and the Gulf of Mexico, complex habitats offered far better refuge for prey, particularly for 333 smaller size classes. In fact, when roving and habitat-associated fish are the dominant 334 predators (as in the WMS), increasing structural complexity can strongly reduce predation 335 risk. Highly structured habitats like P. oceanica and erect algae constitute a much safer 336 refuge for juvenile urchins than turf algae. In the WMS, C.nodosa is an exception to this 337 general trend and may be driven more by the configuration of the landscape, which has been 338 observed to strongly influence predation depending on the spatial attributes of the habitats and 339 the surrounding matrix within which it is housed (Farina et al. unpublished Posidonia oceanica in the WMS with Amphibolis griffithii in EIO; both have very similar 377 canopy height and biomass (Fig.2) , but have very different types of predators. Although A. 378 griffithii has a structure characterized by tree-like fronds and an open space below its canopy 379 that may facilitate access for medium-sized fish (Hyndes, Kendrick, MacArthur and Stewart 380 2003), predation signs found on urchin prey tests in our study were typically made by sea 381 stars. In contrast, most predation signs in P. oceanica could be clearly assigned to fish that 382 most likely hunted visually. This reflects, the dominant predator groups observed in the two 383 regions (Fig. 3) . These compositional differences appear to be critical in determining survival 384 ratios in the community with P. oceanica being one of the safest habitats for urchins in the 385 WMS, while A. griffithii, despite having a similar canopy height and biomass, is one of the 386 most predation-prone habitats we observed in the EIO.Our observed trends are most likely 387 driven by compositional differences in predators among habitats. In our study, predation 388 inside the habitat structure in the WMS and NGM was almost always lower than predation at 389 the edges and in the sand indicating that fish predators clearly dominated the predatory pool. 390
At least in the Mediterranean, this trend was also confirmed by our in-water surveys that 391 showed fish predators were by far the most dominant in this system compared with bottom 392
predators. This supports the observation that fish predators may be the main consumers of sea 393 urchins in macroalgal and seagrass communities in the Mediterranean (Sala 1997) . In striking 394 contrast, predation inside and at the edge of the habitats tended to be higher when compared 395 to sand predation in EIO (Fig.4) , a pattern that holds in almost every habitat from simple turf 396 forming algae to the more complex kelp E. radiata (Appendix 4). This was also related to the 397 predator guild composition that, in this region, was characterized by a high density of bottom 398 predators which can move up inside the structure to the edge (Fig.3) . In fact, seagrass 399 meadows had very high densities of sea stars while fish predators were practically absent. 
